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a blood circuit and a hemofiltrate 
circuit interconnected at a hemo- 
filter and an air collection cham- 
ber. If an infusion of sterile fluid 
to the returning blood is needed 
during the dialysis treatment, fil- 
trate in the filtrate circuit is 
pumped back into the blood cir- 
cuit. This is also done to purge the 
blood circuit of blood and return 
it to the patient at the conclusion 
of a dialysis treatment. A blood 
pump in the blood circuit incor- 
porates a flexible vessel in con- 
junction with pinch valves which 
self expand in a controlled man- 
ner from a compressed condition 
to fill with blood from the patient 
in a suction stroke controlled by 
the patient's blood delivery rate. 
Compression of the vessel by an 
external member then forces the 
blood through the rest of the 
blood circuit. 
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Description 

"COMBINED HEMO F I LTRAT ION AND HEMODIALYSIS SYSTEM" 

5 

Technical Field 

The present invention relates to hemodialysis 
systems, and more particularly, to an improved such system 
having blood and hemofiltrate circuits interconnected at a 
10 hemofilter and an air collection chamber, and having a 
novel blood pump operating according to the patient's 
blood delivery rate. 

Background of the Invention 

15 Hemodialysis treatment is employed as a 

therapeutic measure when a patient's kidneys no longer 
perform their blood purifying function because of disease 
or traumatic removal. Kidney failure results in the 
accumulation of toxic waste in the patient's blood and 

2o eventual death from uremic poisoning, unless the waste 
material is removed by some artificial means. In 
hemodialysis of the type to which the present invention 
relates, the patient's blood is circulated from the 
patient in a closed blood circuit by a pump to one side of 

25 a membrane contained within a hemodialyzer (i.e., 
artificial kidney) . The membrane has pores of microscopic 
size through which waste products from the blood pass. 
The pores are, however, too small to permit blood cells 
and proteins to leave the body. A dialysis fluid 

30 (dialysate) is circulated on the other side of the 
hemodialyzer membrane to remove the waste products. The 
dialyzed blood is returned to the patient. 

The blood pump normally used in contemporary 
dialysis systems is a roller pump in which rollers on 

3 5 rotating arms radiating from a motor-driven shaft 
progressively squeeze closed a section of flexible tubing 
in the circuit connecting the patient's blood system to 
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the hemodialyzer . The speed of the pump motor is set to 
give a pump output in accordance with the anticipated 
patient's blood delivery rate. However, this delivery 
rate will normally vary during treatment and may drop 
below the pump output setting, a condition likely to 
collapse and obstruct the connection tubing. In 
contemporary dialysis machines an alarm is triggered and 
the blood pump is stopped if the patient's blood delivery 
rate drops below the pump flow rate setting. To minimize 
the occurr-eireB o:f such a condition the blood pump" is 
normally given a flow rate setting below the anticipated 
blood flow rate from the patient to allow for downward 
fluctuations of the patient's blood delivery rate. Hence, 
the treatment time is longer than would be necessary if 
the pumping rate continuously matched the patient's blood 
del ivery rate . 

Summary of the Invention 

The present invention regulates the blood flow 
20 rate through the blood circuit of the dialysis system 
according to the available blood delivery rate from the 
patient, thereby avoiding recurring alarms and reducing 
staffing needs. In some instances, optimization of blood 
flow may also shorten dialysis treatment time. Regulation 

2 5 by the blood delivery rate of the patient is accomplished 

in the practice of the present invention by providing a 
blood pump having a compressible pump chamber and having 
flexible ingress and egress tubes at opposite ends of the 
chamber which extend through pinching devices functioning 

3 0 together with the tubes as ingress and egress pinch 

valves. The pump chamber walls are sufficiently elastic 
to self return the pump chamber to its normal size from a 
compressed condition when compression is released. 

Expansion of the pump chamber toward its normal 
3 5 size from a compressed empty condition creates a suction 
which aids in filling the chamber with blood from the 
patient. When filling of the pump chamber is complete the 
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ingress valve closes and the egress valve opens- Then 
compression of the pump chamber commences for delivery of 
blood from the chamber to the rest of the dialysis system 
during a compression stroke. At the close of the chamber 
5 compression stroke the compression device commences a 
chamber expansion stroke with the egress valve closed and 
the ingress valve open. During this chamber expansion 
stroke the compressing device remains in engagement with a 
wall of the pump chamber, and the chamber expansion stroke 

10 is permitted to advance only at a pace determined by the 
blood delivery rate from the patient as it then exists. 

In contemporary dialysis systems usually the 
tubing is replaced after each treatment. This is always 
done in dialysis treatment centers in which multiple 

15 patients use the same dialysis machine. The time and 
expense involved in tubing replacement is significant. 
The present invention makes it possible to backwash the 
tubing and other components of the dialysis system so as 
to make it possible to reuse the system with the tubing 

2 0 remaining in place on the machine for several treatments 

in situations such as home dialysis in which the dialysis 
machine is only used by one patient. The present 
invention also makes it possible in installations in which 
a dialysis machine is used for treating multiple patients 
25 in sequence to remove the tubing and system elements to 
which the tubing is connected as a module for reuse for 
the same patient. 

Occasionally a patient will experience 
discomfort or shock symptoms. In the past such 

3 0 occurrences have been remedied by an infusion of a sterile 

solution from an external source to the returning blood. 
The present invention provides a filtrate circuit 
integrated in a closed system with the blood circuit in 
the dialysis machine in such a manner that some of the 
3 5 filtrate can readily be pumped back into the blood circuit 
and returned to the patient rather than supplementing with 
fluids from an external source. 
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Brief Description of the Drawings 

Figure 1 is a schematic of a hemof iltration and 
hemodialysis system embodying the present invention. 
5 Figure 2 is a schematic of a valve block for use 

during post-treatment operations on the system. 

Figure 3 is a layout of the pumping portion of 
the system when a single pumping chamber is used, and 
showing the condition when the chamber is slightly 
10 compressed . 

Figure 4 is a layout showing use of a two- 
chamber pumping arrangement in the system, and 
illustrating the condition when one chamber is nearly 
fully compressed and the other chamber is nearly fully 
15 expanded. 

Detailed Description of the Invention 

In accordance with the present invention a blood 
circuit which includes a supply-regulated reversible pump 

2 0 18 with ingress and egress pinch valves 19-2 0, the blood 

side of a hemof ilter 22, a hemodialyzer 24, and an air- 
collection chamber 26 arranged in series, interacts in a 
closed system with a filtrate circuit comprising the 
filtrate side of the hemof ilter 22, a reversible roller 
25 pump 28, a reservoir 30, and pinch valves 32, 33. A 
suitable anticoagulant such as heparin is introduced and 
metered to the blood circuit by a syringe pump 3 4 via a 
tube 35 which preferably discharges to the air-collection 
chamber 26. 

3 0 When a patient is expected to be on dialysis for 

an extended period of time it is common to surgically 
create for ease of blood access an enlarged vein in one of 
the patient's limbs. In preparation for a dialysis 
treatment, two needles are inserted a few centimeters 
3 5 apart into the blood access. The upstream needle is 
connected to a flexible tube 3 6 (hereinafter called the 
"arterial tube") leading to the pump 18, and the 
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downstream needle is connected to a flexible tube 37 
(hereinafter called the "venous tube") returning to the 
patient from the air-collection chamber 26. In some 
instances a single needle is used, in which case the 
5 arterial and venous tubes 36, 37 are both connected to th 
needle via a T-fitting. 

The tubes 36, 3 7 are part of the blood circuit 
together with a flexible tube 38 between the pump 18 and 
hemofilter 22, tube 39 between the hemofilter 22 and 

10 dialyzer 24, and tube 40 connecting the dialyzer to the 
air-collection chamber 26. The tubing in the filtrate 
system comprises a flexible tube 41 connected to the 
filtrate side of the hemofilter 22, a flexible tube 42 
connected to the top of the air-collection chamber 26, and 

15 a flexible tube 4 3 leading from the bottom of the 
reservoir 3 0 to a Y-connection with the tubes 41, 42. The 
reservoir 30 may comprise a vessel with a filtered air 
vent or a collapsible air-tight bag. It is also preferred 
to provide a tube 4 4 extending from the pump end of the 

2 0 tube 38 to a connection with the tube 4 3 and to equip the 

tube 4 4 with a pinch valve 46. The tubes 41, 42, and 44 
preferably have branches containing pressure sensors 
45-47, respectively, for pressure monitoring. The 
dialysate side of the dialyzer 24 has supply and discharge 
25 ports 48, 49 connected to a dialysate supply and to a 
drain. 

Directing attention to Figure 3 , the blood pump 
18 has an elongated squeeze chamber 50 functioning between 
pinch valves 19-2 0 acting on the arterial tube 3 6 and on 

3 0 the egress tube 38 leading to the hemofilter 22. The 

squeeze chamber 50 is located between a stationary wall 51 
and a reciprocating compression shoe 52. The shoe 52 is 
mounted on a slide rod 53 which is slowly driven back and 
forth by a driven shaft 54 via a combination crank and cam 
3 5 member 55 and a connecting link 56 which is pivotally 
connected at its ends by pins 57 to member 55 and slide 
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rod 53. A reversible motor with a gear reduction unit 
(not shown) may be used to drive the shaft 54. 

The member 55 has a lifting lobe 55a which 
* encompasses about 19 0 degrees and a return section 55b. 
5 Riding on the periphery of member 55 are two diametrically 
opposite cam followers 58, 59 mounted on the ends of 
rockers 60, 61. These are centrally pivotally mounted at 
60a, 61a and are spring loaded to swing the cam followers 
into constant engagement with member 55. On their ends 

10 opposite from the cam followers 58, 59 the rockers 60, 61 
carry round pinch elements 62, 63 which oppose stationary 
blocks 64, 65. The pinch element 63 and block 65 comprise 
the ingress valve 19, and the pinch element 63 and block 
64 comprise the egress valve 20. The arterial ingress 

15 tube 3 6 passes between the pinch element 63 and the block 
65, and the egress tube 38 passes between the pinch 
element 62 and the block 64. When the cam followers 58, 
59 are lifted radially away from the shaft 54 by the lobe 
55a as the shaft 54 turns clockwise, for example, the 

20 pinch elements 62, 63 are urged toward the blocks 64, 65 
and cooperate therewith to respectively pinch the tubes 
38, 36 to a closed position. When the cam followers 58, 
59 return to engagement with the return section 55b, the 
pinch elements 62, 63 are moved out of tube pinching 

25 position, thereby opening tubes 38 and 36, respectively. 

The stationary wall 51 is interrupted to expose 
a projecting button 68 extending from a swing arm 69 which 
is arranged to engage a microswitch 7 0 when the swing arm 
69 is swung away from the compression chamber 50 

3 0 responsive to engagement of the button 68 by the opposing 
wall of the chamber 50. The button 68 is preferably 
connected to the swing arm 69 by an adjusting screw 71 so 
that the extent of engagement of the chamber wall 
necessary to operate the microswitch 70 can be readily 

35 adjusted. A spring 72 biases the swing arm 69 toward the 
chamber 50. The microswitch 70 is wired in series with 
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the motor driving the shaft 54 so that the motor operates 
only when the microswitch is closed. 

As will later be discussed, normally at the 
start of a dialysis treatment with the present invention, 
5 the system will be filled with sterile dialysate which is 
not harmful to the patient if introduced to the patient. 
As previously indicated, the patient is commonly connected 
to the arterial and venous tubes 36, 37 via needles 
inserted through the wall of a blood access vein. 

10 Dialysis is normally commenced with the ingress valve 19 
of the blood pump open and the egress valve 2 0 thereof 
closed. As the vessel 50 expands due to its own 
elasticity, it creates sufficient suction acting in 
conjunction with the pressure of the blood exiting .the 

15 patient, to potentially fill the vessel 50. 

When blood initially enters the squeeze chamber 
50 from the patient, normally the microswitch 70 is open 
and the motor driven shaft 54 is stationary. Then as the 
chamber 50 expands and begins to fill with blood; . it 

20 firmly engages the compression shoe 52, wall 51, and 
button 68. The microswitch 70 is responsively closed, 
thereby starting the motor to drive shaft 54 so that 
expansion of the chamber 50 can continue as entry flow of 
the blood from the patient continues. If the shaft 54 

25 turns so rapidly that the slide rod 53 moves away from the 
stationary wall 51 at a rate faster than the expansion 
rate of the squeeze chamber 50, the microswitch 7 0 will 
open, thereby stopping the motor until the expansion of 
the chamber 50 catches up to the then position of the 

30 compression shoe 52. Thus the blood pump 18 is regulated 
by the supply of blood from the patient. Filling of th 
chamber 50 continues until the cam follower 59 begins to 
climb down from the lobe 55a to close the ingress valve 19 
and, the cam follower 58 reaches the lobe 55a to open the 

3 5 egress valve 2 0 after the ingress valve is closed. By 
this time, the connecting link 56 has begun to reverse its 
stroke to commence compression of the chamber 50 and the 
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start of a pumping cycle. Compression continues until the 
start of another chamber filling cycle. 

When the egress valve 20 opens at the start of a 
pumping cycle, and blood is forced from the vessel 50 by 
5 the compressing action of the shoe 52 , the pinch valve 32 
in the filtrate circuit is opened and the filtrate pump 28 
is started so that when the pumped blood passes through 
the hemofilter 22, filtrate from the blood will be pumped 
from the hemofilter to the reservoir 3 0 via tubes 41 and 

10 43. The circulating blood then passes through tube 39 to 
the dialyzer 24 for treatment by a suitable dialysate 
passing on the outside of the multitude of tubular 
membranes within which the blood is passing. The blood 
flows from the dialyzer into the air collection chamber 26 

15 where it is treated with an anticoagulant fed by syringe 
pump 34. This pump may have its plunger connected to a 
slide-mounted rack operated by a pinion rotated by a 
stepper motor. Treated blood returns to the patient from 
the chamber 2 6 through the venous tube 37. 

2 0 While the blood initially passes through the 

blood circuit at the start of the treatment, it displaces 
the dialysate in the blood circuit, and the displaced 
dialysate passes through the venous tube 37 into the 
patient. When the reservoir 3 0 is filled a predetermined 

2 5 amount corresponding to the increased liquid retention of 

the patient since the last dialysis treatment, the 
filtrate pump 28 is stopped and the pinch valve 32 is 
closed. If the patient shows signs of discomfort or 
distress because of a liquid shortage caused by the 

3 0 treatment, the filtrate pump 28 is started in reverse with 

the pinch valve 3 3 open so that filtrate can be 
reintroduced to the patient via the tube 42, air 
collection chamber 26, and venous tube 37 where it blends 
with the returning blood to the patient. 
35 After a dialysis treatment is completed it is 

necessary to clean all of the system components to be 
reused. Then the system is sterilized with a suitable 
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sterilant solution which is left in the system until the 
system is to be again activated for another treatment. At 
that time the sterilant is replaced by dialysate before 
the system is connected to the patient. 
5 One of the advantages of the system is that the 

vessel 50 and related ingress and egress blood tubes 36, 
38 can be removed laterally as a unit from the blood pump 
and pinch valve mechanisms in the blood circuit, and that 
the filtering tube 4 3 can be removed laterally from the 

10 roller pump 28 in the filtrate circuit without being 
disconnected. Specifically, vessel 50 can be removed from 
between the compression shoe 52 and wall 51; tubes 3 6 and 
38 can be removed from between pinch elements 62, 63 and 
blocks 64, 65; the tubes 41, 4 2 and 4 4 can be removed from 

15 the pinch valves 45, 4 6 and 47; and the filtrate tube 4 3 
can be removed from between the roller elements 28a and 
arcuate abutment plate 28b of the roller pump 28. Thus, 
all of the system subjected to contact with a patient's 
blood or filtrate during dialysis, including all tubes, 

2 0 valves, pressure monitors, the reservoir 30, hemofilter 

22, dialyzer 24, air collection unit 26, and anti- 
coagulant pump 34, can be removed as a module from the 
dialysis machine for storage to be used for subsequent 
dialysis treatments of the same patient. Furthermore, 
25 this module can be cleaned, tested, and sterilized on a 
processing machine, thereby freeing the dialysis machine 
for use on another patient after inserting of that 
patient's module. This processing machine preferably 
includes reversible pumps and pinch valve mechanisms 

3 0 arranged to function on the vessel 50, blood tubes 36, 3 8 

and filtrate tubes 41, 42, and 4 3 by a squeezing action in 
a suitable manner like the blood pump 18 and its related 
pinch valves 19-2 0, and filtrate pump 28 and pinch valves 
32, 33 and 46. 

3 5 Since post-treatment operations on the system 

will be basically the same whether or not performed on 
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another machine, the following example will be with 
reference to the machine previously described. 

After dialysis is complete and the blood in the 
blood circuit has been returned to the patient and tubes 
5 36, 37 have been disconnected from the patient, it is 
preferred to connect them to a valve block 74 (Figure 2) 
having four ports, one for the arterial tube 36, a second 
for the venous tube 37, a third for a drain tube 75, and a 
fourth for an infeed tube 76. The block 58 contains a 
10 cross-over valve 78 for connecting the tubes 36, 37 and 
respective valves 79, 80 for controlling flow through the 
drain and infeed tubes 75, 76. 

To clean blood residue from the system it is 
necessary to flush and back-wash the components several 
15 times with a suitable flushing solution which will pass 
through the pores in the multitude of tubular membranes in 
the filter 22 and dialyzer 24. The flushing solution is 
preferably introduced to the system through the dialysate 
infeed port 4 8 of the dialyzer 24 and the infeed tube 76 
2 0 to the block 74. 

The system can initially be drained by opening 
the drain valve 79 and cross-over valve 78, and reversing 
the filtrate pump 28 and blood pump 18 for down-flow with 

the ninch valves 32, 3 3 and 4 6 open. Then the system can 

— * ■ ■ 

25 be filled with a suitable cleaning solution such as a weak 
household bleach through the infeed tube 76 with valve 79 
closed and the filtrate pump 28 and blood pump 20 reversed 
for up-flow. The hemodialyzer 24 can be back-washed by 
introducing cleaning solution through the dialysate intake 

30 48. Repeatedly draining and filling of the system with 
the cleaning solution and then with filtered water cleans 
out all blood and blood filtrate residue from the system 
components. Then the system is filled with a suitable 
sterilant such as formaldehyde. 

3 5 When the system is to be used again, the 

sterilant is removed from the system, preferably by 
dialysis. Dialysate is circulated through the dialyzer 24 
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with the arterial and venous tubes 36, 37 connected 
together via valve 78 with valves 79, 80 being closed, and 
the blood pump 18 operating in up-flow mode. The filtrate 
pump 28 is operated in the up- flow direction with the 
5 pinch valves 32, 33 and 46 open to fill the reservoir 30, 
and then is reversed. This sequence is repeated until all 
of the sterilant has been purged from the system through 
the dialyzer membrane and dialysate discharge port 49. 
During the procedure the anticoagulant pump 34 is operated 

10 a sufficient time to remove sterilant fronr ttxe connecting* 
tube between the pump 3 4 and the air collection chamber 
26. When the sterilant has been removed by dialysis in 
preparation for patient treatment, the system contains 
sterile dialysate. 

15 It is preferred to test the integrity and 

permeability of the hemofilter and hemodialyzer membranes 
between dialysis treatments , normally before the sterilant 
is added. For membrane leakage testing, the reservoir 30 
is emptied and the blood pump 18 is run forward at 

20 approximately 200 ml/min. Simultaneously, the filtrate 
pump 28 is run in reverse to draw air through the empty 
filtrate reservoir 3 0 and pump it through tube 41, with 
valve 32 open, into the jacket of hemofilter 22 until the 
pressure reaches a prescribed limit (e.g., 250 mmHg) . 

25 Both pumps 18, 28 are then stopped and pressure decay is 
monitored for approximately 4 minutes. Next, air from the 
reservoir 3 0 is pumped through valve 3 3 into the blood 
circuit via tube 42 and air collection chamber 2 6 until 
pressured to a similar level monitored by sensor 46. If 

30 pressure decay read at sensor 45 or 40 exceeds limits 
appropriate to the hemofilter and hemodialyzer being used, 
the system will be in a failure condition. This membrane 
leakage test is based on the fact that air will pass 
through a small defect more rapidly than a liquid, and 

35 therefore is a more sensitive indicator of membrane 
. integrity. 
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The present invention measures membrane 
permeability in the hemodialyzer 24 by filling the blood 
lines with filtrate to a preselected pressure, and then 
monitoring the pumping rate required to maintain that 
5 pressure. This is accomplished by activating the filtrate 
pump 28 in reverse, thereby causing filtrate to pass from 
the filtrate reservoir 30 through valve 33 and tube 42 
into the blood circuit via the air collection chamber 26. 
Filling continues until a predetermined pressure (for 
10 example, 250 mmHg) is reached. During the fill, some 
fluid will have passed across the hemofilter membrane, 
equalizing the pressure between the hemofilter 22 and the 
tube 41 to valve 32. At this point, fluid can only leave 
the blood circuit by passing across the hemodialyzer 
15 membrane to the dialysate side; the faster the rate, the 
greater the permeability. After pressurization, the 
pumping rate of the filtrate pump 28 required to maintain 
this pressure is monitored. If this rate is below the 
desired threshold value for the particular hemodialyzer 
20 model, membrane permeability is inadequate. 

A similar test may be applied to the hemofilter 
22 by opening valve 32 and pressurizing the hemofilter 
jacket, with filtration occurring from the jacket to the 
blood side of the hemofilter. A pumping rate below the 
25 ordinary threshold indicates excessive membrane blockage. 
It should be noted that the hemofilter and hemodialyzer 
tests also may be performed by pressurizing the system as 
described herein, then stopping the filtrate pump 28 and 
monitoring the rate of pressure decay as the indication of 
3 0 membrane permeability of the hemodialyzer 24 and the 
hemofilter 22. 

The invention has been described with respect to 
a single blood pump 18. However, as shown in Figure 4, 
the blood pump mechanisms is ideal for operating two blood 
3 5 pumps 18, 18' in alternating cycles. In the two-pump 
arrangement the slide rod 53 is connected to a second 
compression shoe 52' operating with a second squeeze 
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chamber 50'. This second chamber connects at its ends 
with ingress and egress tube branches 36' , 38' which pass 
between the pinch elements 62, 63 and a second set of 
stationary blocks 64 ', 65'. A second microswitch 70' is 
5 operated in response to expansion of the chamber 50' 
against a wall 51' and second button 68' by way of an 
adjustment screw 71' and swing arm 69' which is biased by 
a spring 72 ' . 

By the described two-pump system while one of 

10 the chambers 50, 50' is being compressed to discharge 
blood, the other chamber is being filled from the patient. 
Feedback from one squeeze chamber to the other is 
prevented by the fact that the squeeze elements 62, 63 
alternatively pinch the ingress and egress tubes for the 

15 chambers. The electrical circuit from the blood pump 
motor to the switches 70, 70' is such that the motor can 
only be activated by alternate filling of the squeeze 
chambers 50, 50'. 

The pressure sensor 47 makes it possible to 

2 0 monitor the output pressure of the blood pump(s) , and the 
pressure sensors 45, 46 enable pressure monitoring of the 
filtrate circuit. It will be appreciated that the 
described system can be controlled by an automated 
electrical control system connected to the motor for the 

25 blood pump(s) and filtrate pump 28, and to solenoids 
operating the pinch elements of the valves 32, 3 3 and 46. 
It will also be appreciated that the ingress and egress 
pinch valves 19, 2 0 can have their pinch elements 62, 63 
solenoid operated, and that other mechanisms can be used 

30 to operate the compression shoes 52, 52'. 
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Claims 

1. A hemodialysis system comprising: 
a hemodialyzer; 

a vessel ; 

filling means for filling said vessel a 
predetermined amount from a patient in accordance with the 
patient's blood delivery rate; 

emptying means for passing blood from said vessel 
after being filled, through the hemodialyzer and back to the 
patient in a closed circuit until the vessel is substantially 
empty ; and 

cycling means for repeating such filling and 
emptying of the vessel • 

2. A hemodialysis system according to claim 1 in 
which said vessel is flexible and is adapted to self return to 
its original shape when released after being deformed by 
compression, said emptying means including apparatus for 
selectively compressing and releasing said vessel, said vessel 
creating a suction as it returns to its original shape when 
released after being compressed. 

3. A hemodialysis system according to claim 2 in 
which said closed circuit has an ingress valve between the 
patient and said vessel and has an egress valve between said 
vessel and hemodialyzer, and in which said cycling means 
includes means for opening said ingress valve and closing said 
egress valve when said vessel is to be filled, and for closing 
said ingress valve and opening said egress valve when said 
vessel is to be emptied. 

4. A hemodialysis system comprising: 
a hemodialyzer; 

first and second vessels; 
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filling means for alternately filling said vessels a 
predetermined amount from a patient in accordance with the 
patient's blood delivery rate; 

emptying means for alternately passing blood from 
said vessels after being filled, through the hemodialyzer and 
back to the patient in a closed circuit, said vessels being 
located in respective first and second parallel branches of 
said circuit; and 

cycl ing means for repeat ing such fill ing and 
emptying of said vessels such that each vessel fills while the 
other vessel empties. 

5. A hemodialysis system according to claim 4 in 
which said vessels are flexible and are adapted to self return 
to their original shape when released after being deformed by 
compression, said emptying means including apparatus for 
compressing and releasing said vessels one at a time, each of 
said vessels creating a suction as it returns to its original 
shape when released after being compressed. 

6. A hemodialysis system according to claim 5 in 
which said first branch has a first ingress valve between the 
patient and said first vessel, and has a first egress valve 
between said first vessel and hemodialyzer; 

in which said second branch has a second egress 
valve between the patient and said second vessel, and has a 
second egress valve between said second egress valve and the 
hemodialyzer ; 

and in which said cycling means include means for 
respectively opening said first and said second ingress valves 
and respectively closing said first and second egress valves 
when said first and second vessels are to be respectively 
filled alternately, and for respectively closing said first 
and second ingress valves and respectively opening said first 
and second egress valves when said first and second vessels 
are to be respectively emptied alternately. 



BNSDOCID: <WO 901 5631 A 1 J > 



WO 90/15631 PCI7US90/03467 



16 



7. A hemodialysis system according to claim 4 in 
which said apparatus for compressing and releasing said 
vessels operates such that each of said vessels is released at 
the same rate as the other vessel is being compressed. 

8. A hemodialysis system comprising: 
a hemodialyzer ; and 

a blood flow circuit for connection to a patient, 
and including a flexible vessel and flexible tubes leading to 
said vessel from the patient and leading from the vessel to 
said hemodialyzer, said vessel tubes having a self return 
characteristic when collapsed, and means external to said 
tubes and vessel for collapsing them in a pumping cycle 
wherein said vessel collapses in a pumping stroke and expands 
in a suction stroke, and wherein said tubes alternately are 
opened and closed. 

9. A hemodialysis system comprising: 

a blood pump having a blood outlet and a blood inlet 
for connection to a patient via an arterial route; 

a hemofilter having a blood inlet connected to said 
blood outlet of the pump, and having a blood outlet and a 
filtrate outlet; 

a hemodialyzer having a blood outlet, a blood inlet 
connected to said blood outlet of the hemofilter, and a 
dialysate inlet and outlet; 

a filtrate reservoir; 

an air-removal and filtrate pump having an outlet 
connected to said reservoir and having an inlet; 

an air collection chamber having a blood inlet 
connected to said blood outlet of the hemodialyzer, a blood 
outlet for connection to a patient via a venous route, and an 
air removal outlet; 

tube and valve means selectively connecting and 
disconnecting said inlet of the air-removal and filtrate pump 
with said filtrate outlet of the hemofilter and air removal 
outlets; and 



BNSOOCID: <WO 9015631A1J_> 



WO 90/15631 



PCT/US90/03467 



17 

means for introducing an anti-coagulant to said air 
collection chamber. 

10. A hemodialysis system according to claim 9 in 
which said pumps are selectively reversible to pump filtrate 
from said reservoir to the hemofilter and/or air collection 
chamber to enable return of the blood in the system to the 
patient via the arterial and venous routes at the close of a 
hemodialysis treatment. 

11. A hemodialysis system according to claim 9 in 
which additional tube and valve means selectively connect said 
blood outlet of said blood pump with said reservoir, 

12. A blood pumping system for a hemodialysis 
circuit comprising: 

a flexible vessel connected to flexible ingress and 
egress tubes for entry and discharge of blood from a patient, 
said vessel and tubes being adapted to self return to their 
original shapes when released after being collapsed; 

ingress and egress pinch valve mechanisms arranged 
for selectively collapsing said ingress and egress tubes, 
respectively; and 

compression means for selectively collapsing said 
vessel during a compression stroke to discharge blood into 
said egress tube when said egress tube is open and said 
ingress tube is collapsed, said compressing means also having 
a return stroke permitting said vessel to return to its 
original shape to create a suction in said ingress tube when 
said egress tube is collapsed and said ingress tube is open, 
said valve mechanisms being connected to said compression 
means for operating in a cycle wherein said ingress tube is 
open and said egress tube is closed during said return stroke, 
and wherein said ingress tube is closed and said egress tube 
is open during said compression stroke. 
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13 . A blood pumping system according to claim 12 in 
which said compression means includes a rotary combination 
crank and cam member, a compression shoe engaging said vessel, 
and a link pivotally connected to said member and shoe for 
linearly reciprocating said shoe responsive to turning of said 
crank and cam member; and 

in which said pinch valve mechanisms include rockers 
with pinch elements at one end of the rockers and cam 
followers at the other end thereof engaging said crank and cam 
member while it turns. 

14 . A pumping system according to claim 12 in which 
said ingress tube is collapsed before said egress tube is 
permitted to open during each cycle. 

15. A method for pumping blood from a patient 
through a hemodialysis circuit comprising: 

alternately collapsing a flexible vessel in the 
circuit with a self return characteristic, and then permitting 
the vessel to expand to its original shape, while controlling 
blood flow to and from the vessel at a rate determined by the 
patient's blood delivery rate. 

16. A hemodialysis method comprising: 
circulating a patient's blood from and back to the 

patient in a circuit through a hemofiiter and hemodialyzer ; 

collecting filtrate from the hemofiiter in a 

reservoir; and 

returning some of said collected filtrate to said 

circuit. 

17. A hemodialysis method comprising: 
circulating a patient's blood from an arterial 

connection from the patient to a venous connection to the 
patient in a circuit through a hemofiiter and hemodialyzer; 
and 
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collecting filtrate from the hemofilter in a 
reservoir and circulating filtrate from said reservoir to said 
circuit at the close of dialysis to return the patient's blood 
in said circuit to the patient, 

18. A hemodialysis method comprising: 
circulating a patient's blood from and back to the 

patient in a circuit through a hemofilter, hemodialyzer , and 
air collection chamber arranged in series; 

collecting filtrate from the hemofilter in a 
reservoir; and 

extracting air from said air collection chamber and 
collecting it in said reservoir to remove air from the 
circulating blood before return to the patient. 

19. A hemodialysis method according to claim 18 in 
which collected filtrate is returned to said circuit. 

20. A hemodialysis method according to claim 18 in 
which collected filtrate is returned to the circuit via the 
air collection chamber. 

21. A hemodialysis method according to claim 18 in 
which some of the collected filtrate is returned to the 
circuit at the close of dialysis such as to return the 
patient's blood in the circuit to the patient. 

22 . A hemodialysis method according to claim 18 in 
which an anti-coagulant is introduced to said air collection 
chamber to prevent blood coagulation in said circuit. 

23. A hemodialysis method according to claim 18 in 
which air in the circuit before the hemofilter is extracted 
and collected in said reservoir. 
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24. A hemodialysis method comprising: 
circulating a patient's blood from and back to the 

patient through a hemodialyzer ; and 

automatically controlling the rate of blood 
circulation through the hemodialyzer by adjusting to changes 
in the availability of blood from the patient • 

25. A hemodialysis method comprising: 
introducing blood from a patient into an external 

blood circuit connected to the patient by use of the patient-' s 
blood pressure; 

isolating volumetric increments of the introduced 
blood in a flexible vessel in said external circuit; 

linearly compressing said vessel each time that it 
contains one of said increments, and advancing the respective 
increment along said external circuit while the vessel is 
being compressed; and 

diffusing urea from each increment as it advances 
further along said external circuit for return to the patient. 

26. A method according to claim 25 in which the 
blood advancing along the external circuit is filtered to 
remove excess fluid as filtrate before the urea is diffused 
therefrom. 

27. A method according to claim 26 in which said 
filtrate is collected in a filtrate circuit, and in which some 
of said filtrate is returned from said filtrate circuit to 
said external circuit when dialysis has been completed to 
displace the blood remaining in said external circuit and 
thereby return such blood to the patient. 

28. A hemodialysis method comprising: 
circulating blood during a treatment period from a 

patient through an external circuit and back to the patient; 

filtering excess fluid from the circulating blood 
and collecting the excess fluid filtrate; 
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diffusing urea from the circulating blood; and 
displacing the blood remaining in said external 
circuit at the close of said treatment period with the 
collected filtrate to return such blood to the patient. 

29. A hemodialysis method comprising: 
circulating blood during a treatment period from a 

patient through an external blood circuit and back to the 
patient; 

filtering excess fluid from the circulating blood by 
a hemofilter in said external circuit and collecting the 
excess fluid filtrate in a filtrate reservoir within a 
filtrate circuit in a sterile environment; 

dialyzing the circulating blood at a dialyzer in 
said external circuit; and 

displacing the blood remaining in said external 
blood circuit at the close of said treatment period with the 
collected excess fluid filtrate to return such remaining blood 
to the patient. 

30. A method according to claim 2 9 including the 
following additional steps: 

disconnecting the external circuit from the patient 
and closing the external circuit; 

introducing a cleaning agent on the dialysate side 
of said dialyzer; and 

passing said cleaning agent through the dialyzer 
membrane into said external circuit. 

31. A method according to claim 3 0 including the 
following additional steps: 

removing said cleaning agent and introducing a 
sterilant to said external circuit; and 

removing said sterilant in preparation for a 
dialysis treatment by dialysis of the sterilant through said 
dialyzer membrane. 
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